[Lunar surface rock abundance derived
from LRO Diviner data




Remote
Measurements
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Arecibo 70 cm CPR, Campbell et al., 2007

e TIR and radar measurements are
sensitive to the presence of rocks on

and within the regolith
— We're not the first or onlv tec
do this!

* Global regolith properties and
thicknesses can be mapped

(e.g. Thompson et al., 1974, 2006; Mendell, 1976;
Ghent et al., 2005; Campbell etal., 2009) Apollo 17 Infrared Scanning Radiometer, Mendell, 1976




Lunar Thermophysics

* Nighttime temperatures are very sensitive to the
physical nature of the surface

— Rocks will stay ~100K warmer than the regolith
throughout the night

— Layering, slopes, etc. also affect surface temperatures
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" Rock Abundance
Model

 Uses Diviner channels 6-8
centered near 18, 35, and 75

um

 Use modeled T of rocks with
latitude/local time and
optimize modeled radiance by
varying T of regolith and rock
areal abundance

Initial results provide realistic

numbers and data are well-
behaved




Global Maps

* Younger craters show higher RA values (e.g. Tycho)

Rock Abundance



Global Maps

» Slope/latitude variations in regolith temperature are cleanly
separated from rock fractions
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Global Maps

« Regolith temperature 1s correlated with latitude and slopes

* Note Tycho rays and “cold spots”

Regolith Temperature (normalied for latitude)



Global Maps

« Regolith temperature 1s correlated with latitude and slopes

* Note Tycho rays and “cold spots”

Regolith Temperature (normalied for latitude)



Small craters in the Mare show elevated rock abundances

— Radar dark haloes (e.g. Kepler Crater) and highlands do not show
rocky small craters

Rock
| Abundance
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Small craters in the Mare show elevated rock abundances

— Radar dark haloes (e.g. Kepler Crater) and highlands do not show
rocky small craters

| Abundance



Rock abundances and radar circular polarization ratios (CPR)
show general similarities

— Differences are present — radar sensing of buried blocks?

Campbell et
al., (2007)




Landing Site Rock
Abundances

e Mostly not rocky with
obvious exceptions

— Rocky site = danger +
interesting geology!

Gray indicates high latitude sites
where results are less accurate
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Landing Site Rock
Abundances [t

 Initial quantitative _
comparison near
Copernicus:
— LROC: 0.84%
— Diviner: 0.75%

Manual LROC rock

counts are very labor

intensive!

LROC — M114077509LC
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Landing Site Rock
Abundances

Gray indicates high latitude sites

where results are less accurate
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Rima Bode

* Dark mantle deposit 3;'L ) i 'ff-,- X
of pyroclastic origin ' (¥, g«

— Low radar returns . 72
(CPR) indicating
smooth, rock-free
materials

(e.g. Carter et al., 2009)




Rima Bode Landing Site

* Large spatial
variability 1n rock | )
abundance :

* Comparisons with -
LROC NAC images =& =
show excellent :
LS Center

qualitative " & Point
agreement ’ T

LROC — M102193170LC e



Rima Bode Landing Site

* Large spatial
variability 1n rock | )
abundance |
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Average Rock Abundance — 10%



Rima Bode Landing Site

» Large spatial
variability in rock ) e
abundance | |

* Comparisons with
LROC NAC 1mages
show excellent

LS Center

qualitative b~ Point
agreement 4 |
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Average Rock Abundance — 1.3%



Rima Bode Landing Site

» Large spatial
variability in rock ) e
abundance | |
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Average Rock Abundance O 3%




Summary

* Multispectral modeling of measured Lunar radiance
produces realistic values for rock abundance and
regolith temperatures

e Diviner rock abundance and radar and 1imaging
datasets show general similarities

— Distinct differences between measurements indicates
layering, thickness, etc. of regolith
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— Much needs to be done comparing datasets!
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